due to the fact that the seed germinates in the soil at a depth of 3-4 cm while the spores have a delayed germination at or near the soil surface. The seed protectant must penetrate from the kernel into the coleoptile and stop infection of emerging plants by mycelium of the fungus.
Tilletia caries is characterised by regular distribution of infected plants in crop stands because the source of infection is contaminated seed and conditions for spore germination are similar within the field.
In contrast, T. controversa is distributed irregularly because spores germinate only on or near the soil surface, at favourable low temperature, with sufficient moisture and availability of light. Furthermore, the level of infection depends on the stage and rate of growth of wheat. The highest level is usually found on field margins and in thin stands.
Since the late 1990s, seed treatment against bunts of wheat has been limited by economic and environmental impacts and farmers again experienced very severe attacks by bunts. Northern and western European countries faced the same problems. Growing environmental awareness and an increase in organic farming over the last 15 years have led to demands for reduction in chemical seed treatments. This is causing serious problems for producers (KRISTENSEN & BORGEN 2000; JOSEFSEN & CHRISTIANSEN 2002 ). Partial resistance reduces the level of actual infection (BARTOŠ et al. 2002) however it does not solve the problem of a gradual increase of the infection potential from the soil in the case of T. controversa.
Due to the availability of effective chemical seed treatment, the reaction of wheat cultivars to bunts has not been an important trait for plant breeders in the CR and information on the reaction of even the registered wheat cultivars to bunts is in many cases not available.
In this work, we present the results obtained in [2000] [2001] [2002] [2003] [2004] in field tests with 15 winter wheat cultivars registered in the CR and the results of a 4-year monitoring of bunt incidence in grain samples that had not been cleaned and sorted after harvest.
MATERIALS AND METHODS
Reaction of winter wheat cultivars to bunt disease in field trials. The seed of winter wheat was artificially inoculated with teliospores of T. caries. Infected ears had been collected from experiments in Kroměříž in the preceding year. Germination of teliospores was tested on water agar. Using 1 g of spores in 20 ml water per kg seed, the inoculum was sufficient for regular infection. The amount of teliospores which adhered to seeds was assessed. Single seeds were shaken with a little water, the suspension was centrifuged and teliospores were counted in the given amount of water. A similar method was used by POLISENSKA et al. (1998) . Using 1 g of spores, 256 teliospores (n = 10, s x = 39) were found per seed, on average. Inoculated seed was sown in plots of 10 m 2 in four replications between October 5 and 10 at Kroměříž (220 m above sea level, average temperature 8.7°C).
The reaction of cultivars to T. controversa was tested at Vsetín (450 m above sea level, average temperature 6.7°C), a location where the level of natural infection had previously varied between 50 and 150 infected ears per m 2 . Here, winter wheat had been harvested with a combine harvester in mid-August, leaving chopped straw and spores on the ground. The field was shallowly ploughed and at the end of September the trials were sown. Untreated seed of the cultivars was sown in plots of 10 m 2 in four replications. At the end of the growing season (GS 85-80, ZADOKS et al. 1974) , the middle part of each plot was harvested by hand. The ears were visually inspected for bunt infection. Teliospores were identified as to species by microscope. The percentage of diseased ears was calculated as an indicator of varietal reaction. Results were assessed using correlation analysis.
Bunt incidence in grain samples from various locations of the CR. Immediately after harvest, 1 058 grain samples were collected from farms. Species determination and quantification were done by microscopic examination on spores deposited in the sediment after centrifugation. This way was preferred to a method where the spores are trapped on filter paper (COCKERELL & RENNIE 1996) for easier and faster determination.
RESULTS AND DISCUSSION
There was high variation in the number of infected ears, depending on both cultivars and density of the plants in plots Table 2 .
In the plots with T. caries, the highest infection on average of the 3 years was found in cvs Drifter and Ebi, whereas the cvs Nela, Brea and Samanta had the lowest numbers of bunted ears. In the field trials with natural infection by T. controversa, the level of infection was higher on average than in the case of T. caries. There were no significant differences among the first 12 cultivars. Significantly lower numbers of bunted ears were found in cvs Niagara, Brea and Versailles.
A large problem of these and similar trials is the wide variation in infection level. A comparison of the results showed the strong influence of temperature on the outcome of the experiments. According to SWINBURNE (1963) , it seems probable that the post-emergence environment will only influence the incidence of bunt in a crop up to the time of elongation of the internodes. The sowing date, soil type and soil conditions may all influence the level of bunt infection. According to HOFFMANN (1982) , loss of resistance due to the development of new races has been frequently observed. The reaction of a variety to the bunt species may not be the same at other locations and may change over time (KOCH & SPIESS 2002) .
The incidence of bunt spores in grain samples from various locations in the CR in 2001-2004 is given in Figure 1 . The results show the apparent increase in incidence of both bunts. A considerably higher incidence was found in T. controversa. Such an increase is related to a number of changes that force farmers to grow winter wheat at a higher percentage in crop rotations, under reduced crop management practices and in short-term crop rotations where winter wheat prevails. Another reason is that seed had not been microscopically examined for presence and identity of the species of the bunt spores before chemical treatment. For sound decison making it is important to know what seed protectant should be used. In addition, it is also necessary to keep records on the incidence of T. controversa in individual fields, and to treat the seed for such fields with a seed protectant effective against that species. There is no significant difference between the variants marked with the same letter. Tukey P = 0.05
Implications of the incidence of T. controversa
For germination of T. controversa spores, a certain humidity and temperature are needed along with exposure to light. The spores may come into the soil with treated seed but do not germinate in the dark in the sowing year. Will some of them germinate in the next years after coming to the soil surface and be exposed to light even though they had been in contact with an effective seed disinfectant in the year of seeding? The reaction of cultivars should in particular be studied with T. controversa due to the large variability in results with this species. It is a challenging objective because trials with T. controversa are difficult to set up. Only fields in higher elevations, where this bunt occurred during last years, can be used, but there is no guarantee of a sufficiently high, uniform and reproducible level of infection. R e f e r e n c e s BARTOŠ P., ŠÍP V., CHRPOVÁ J., VACKE J., STUCHLÍKOVÁ E., BLAŽKOVÁ V. (2002): Achievements and prospects of wheat breeding for disease resistance. Czech Journal of Genetics and Plant Breeding, 38: 16-28.
